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(54) Frame and symbol synchronisation in multlcarrler receivers 



(57) A demodulating apparatus and a demodulating 
method includes a correlation detector means for de- 
tecting a correlation between a guard section of the sym- 
bol ot a digital orthogonal frequency division multiplex 
modulated signal and a section having a correlation with 
the guard section in an effective symbol of the symbol, 
a section integrator means for section integrating a de- 
tected output of the correlation detector means with re- 



spect to the guard section, a peak detector means for 
detecting a peak of a triangular wave signal from the 
section integrator means, and a frame timing signal pro- 
ducing means for producing a frame timing signal of a 
predetermined frame of each of the frames based on a 
peak detecting signal from the peak detector means. 
The frame synchronizing signal generator means may 
be made synchronized by a frame timing signal from the 
frame timing signal producing means. 
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Description 

[0001] The present invention relates to a demodulat- 
ing apparatus and a dennodulating method for demodu- 
lating a digital orthogonal frequency division multiplex 
modulated signal in which an information signal modu- 
lates a plurality of carriers whose frequency compo- 
nents are in an orthogonal relationship with one another. 
[0002] As a demodulating apparatus for demodulat- 
ing a digital orthogonal frequency division multiplex 
modulated signal in which an information signal modu- 
lates a plurality of carriers whose frequency compo- 
nents are in an orthogonal relationship with one another, 
there is proposed a dennodulating apparatus for an 
OFDM (Orthogonal Frequency Division Multiplex) mod- 
ulated signal (hereinafter referred to merely as an 
OFDM modulated signal) which is adopted by a DAB 
(Digital Audio Broadcasting), etc. taking place in Eu- 
rope. 

[0003] According to the OFDM modulation, a modu- 
lated signal using a multiplicity of carriers whose fre- 
quency components are in an orthogonal relationship 
with one another, encodes data such as audio data or 
the like, and the encoded data are allocated to each car- 
rier, thereby modulating each carrier, a digital signal in 
frequency domain comprised of each modulated carrier 
is inverse fast Fourier transformed into a digital signal 
in a time domain, and the digital signal in the time do- 
main is D/A converted. On its demodulating side, by A/ 
D converting such an OFDM modulated signal and then 
applying the fast Fourier transform to the A/D converted 
signal, the encoded data allocated to each carrier is ob- 
tained. 

[0004] In the OFDM modulation used by the DAB, 
when two bits data is allocated with one of the carriers, 
each carrier is subjected to a QPSK (Quadrature Phase 
Shift Keying) modulation, so that this modulation is 
called an OFDM - QPSK. 

[0005] In the OFDM modulation, the number of points 
of the fast Fourier transform corresponds to the number 
of the carriers and differs depending on a mode accord- 
ing to the DAB standard, i.e. for mode 1 it is 1536, for 
mode 2, 384, for mode 3, 1 92 and for mode 4, 68. There- 
fore, in case of mode 1. for example, it will be possible 
to transmit data of 2 (bits) x 1536 = 3072 (bits) by the 
OFDM modulation. This transmissive unit is termed a 
symbol. In case of modes 1, 2, and 4. a collection of 
seventy-six symbols is termed a frame. In case of mode 
3, a collection of one hundred and fifty-three symbols is 
termed a frame. Here, a null symbol is not included in 
the number of symbols in one frame. 
[0006] Concerning the DAB signal, at present, signals 
of modes 1,2,3 and 4 are known. In the DAB signal, a 
fundamental period T{= 1/2.048 MHz = 0.00048828 
msec) is defined. Here, a typical DAB signal of mode 1 
is shown in FIG. 1 . In FIG. 1 , both the fundamental pe- 
riod T and a time are indicated. One frame of the DAB 
signal of mode 1 is 1 96608 T (= 96 msec) and comprised 



of one null symbol (symbol number 1 = 0) whose dura- 
tion is 2656 T (= 1 .297 msec) and seventy-six subse- 
quent symbols (symbol number 1=1- 76) whose dura- 
tion is all 2552 T (= 1.246 msec). 
5 [0007] Each symbol of symbol numbers 1 = 1 - 76 is 
comprised of a guard interval at its starting section 
whose duration is 504 T = 246 ^sec) and a subsequent 
(effective symbol whose duration is 2048 T (= 1 msec). 
The effective symbol of each symbol of symbol numbers 
70 1 = 1 - 76 contains multicarriers which number k = 1536 
and whose frequencies are different from each other A 
carrier indicated by zero is one with a central frequency 
(a period of that carrier is T). A carrier indicated by 
1 536/2 (= 766) is one with the highest frequency A car- 
ts rier indicated by - 1 536/2 (= -766) is one with the towest 
frequency. Data amount of one symbol is 1536 waves, 
its data amount is 1536 x 2 bits, i.e. 48 CU (Capacity 
unit) X 64 bits. 

[0008] Whole symbols of symbol numbers 1 =1 - 76 

20 are termed an OFDM symbol. 

[0009] Taking an example in case of mode 1 , the sym- 
bol of symbol number 1 = 0 is termed the null symbol 
and the symbol of symbol number 1 = 1 is termed a TF- 
PR (Time Frequency Phase Reference) symbol, re- 

2S spectivety. These two symbols are called a synchroni- 
zation channel (Sync. Channel). The symbols of symbol 
numbers 1=2-4 are called a FIC (Fast Infomnation 
Channel) and the whole FIC is divided into twelve FIB 
(Fast Information Block). The remaining symbols of 

30 symbol numbers 1 = 5 - 76 is divided into four so-called 
CIF (Common Interieaved Frame). 
[001 0] Incidentally, the duration of each symbol of the 
DAB signal differs depending on the nnode. The duration 
of each symbol in mode 2 Is 1/4 of the duration of each 

35 symbol in mode 1 . The duration of each symbol in mode 
3 is 1/8 of that of each symbol in mode 1 . The duration 
of each symbol in nrrc>de 4 is 1/2 of that of each symbol 
in mode 1 . 

[0011] In other words, the duration of the symbol ex- 
40 cept the null symbol is 2552 T (= 1 .246 msec) for mode 
1 as described above. However for mode 2, it is 638 T 
(= 2552 T/4) {= 31 2 ^sec (=1 .246 msec/4)J. For mode 3, 
it is 31 9T (= 2552 T/8){= 156 |isec (= 1 .246 msec/8)}. For 
mode 4, it is 1276 T (= 2552 T/2)J= 623 ^isec (= 1.246 
<s msec/2)}. 

[0012] Moreover, the duration T/M of effective symbol 
within each symbol except the null symbol is 2048 T (= 1 
msec) for mode 1 as described above. For mode 2, it is 
512 T (= 2048 T/4) {= 250 ^isec (= 1 mseG/4)}. For mode 
so 3. it is 256 T (= 2048 T/8) {= 1 25 \isec (= 1 msec/8)}. For 
mode 4. it is 1024 T ( = 2048/2 ) { = 500 ^isec (= 1 msec/ 
2)}- 

[0013] Furthermore, the duration of the guard interval 
in the symbol except the null symbol is 504 T (= 246 \isec) 
55 for mode 1. For mode 2. it is 126 T {= 504 T/4) {= 61.5 
^sec (= 246 nsec/4) }. For mode 3, it is 63 T ( = 504 T/8) 
{= 30.75 ^sec (= 246 ^sec/8 )}. For mode 4, it is 252 T 
( = 504 T/2) {= 123 usee (= 246 ^sec/2)). 



2 




3 EP 0 901 

[0014] An example of a receiving apparatus (demod- 
ulating apparatus) for the DAB signal will now be de- 
scribed below with reference to FIG. 2. A DAB signal 
(shown in FIG. 3A) from a receiving antenna 1 is sup- 
plied to a RF (radio frequency) amplifier/frequency con- s 
verter/IF (intermediate frequency) amplifier 2 where it is 
RF amplified, frequency converted and IF amplified for 
obtaining an OFDM modulated signal of baseband, and 
the OFDM modulated signal is supplied to an A/D con- 
verter 3 where it is converted into a time series of digital to 
data. 

[0015] The time series of digital data from the A/D 
converter 3 is supplied to a time synchronizing signal 
generator? which generates a time synchronizing sig- 
nal for every symbol. The time synchronizing signal is 
supplied to a fast Fourier transform circuit 4 and a data 
decoder 5 for controlling the fast Fourier transform tim- 
ing as well as controlling each circuit in the data decoder 
5 to be synchronized. 

[0016] The intermediate frequency signal from the RF 20 
amplifier/frequency converter/1 F amplifier 2 is supplied 
to a null detector (envelope detector circuit) 8 which pro- 
duces a null detecting signal (see FIG. 3B). This null de- 
tecting signal is supplied to a frame synchronizing signal 
generator 9. The frame synchronizing signal generator 25 
9 is a pulse oscillator which generates the frame syn- 
chronizing signal. So, it is necessary to make it synchro- 
nized with the null detecting signal (FIG. 3B) of the first 
or second frame of the DAB signal. Thus, by making the 
frame synchronizing signal generator 9 synchronized 30 
with a starting (falling) time point of the null detecting 
signal, the frame synchronizing signal generator 9 will 
thereafter issue a frame synchronizing signal (see FIG. 
3C) corresponding with the starting time point of the null 
symbol. The frame synchronizing signal Is supplied to 35 
the fast Fourier transform circuit 4 in which a frame win- 
dow signal (FIG. 3D) during a frame period except the 
null symbol is produced. 

[0017] The time series of digital data from the A/D 
converter 3 is supplied to the fast Fourier transform cir- 40 
cu it 4 where it is converted into a frequency sequence 
of digital data. The frequency sequence of digital data 
from the fast Fourier transform circuit 4 is supplied to 
the data decoder 5 for decoding and decoded data is 
output to an output terminal 6. The data decoder 5 is 4S 
comprised of a frequency deinterleave circuit, a time 
deinterleave circuit and an error correcting circuit, which 
are sequentially cascaded. 

[0018] In this way, because in the demodulating ap- 
paratus (DAB receiver) the frame synchronizing signal ^o 
generator is made synchronized with the null detecting 
signal, when the starling time point of the null detecting 
signal deviates greatly from the null symbol of DAB sig- 
nal due to fading or decrease of S/N ratio of the DAB 
signal, the frame synchronizing signal from the frame ss 
synchronizing signal generator also deviates from the 
starting time point of the null symbol of DAB signal. As 
a result, the timing of the frame window signal produced 
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in the fast Fourier transform circuit 4 will deviate from 
the frame period except the null symbol of DAB signal. 
If an amount of the deviation is large, it will be impossible 
to estimate the TFPR (Time Frequency Phase Refer- 
ence) symbol following the null symbol, and besides, it 
will be necessary to make the frame synchronizing sig- 
nal generator 9 synchronized over again. 
[0019] In view of the foregoing point, the present in- 
vention aims to provide, in a demodulating apparatus 
comprising a time synchronizing signal generator 
means for receiving a digital orthogonal frequency divi- 
sion multiplex modulated signal in which an information 
signal modulates a plurality of carriers whose frequency 
components are in the orthogonal relationship with one 
another and for generating a time synchronizing signal 
synchronized with a symbol forming each frame of the 
digital orthogonal frequency division multiplex modulat- 
ed signal, a frame synchronizing signal generator 
means for generating a frame synchronizing signal syn- 
chronized with each frame of the digital orthogonal fre- 
quency division multiplex modulated signal and the fast 
Fourier transform means for receiving the digital orthog- 
onal frequency division multiplex modulated signal, the 
frame synchronizing signal and the time synchronizing 
signal and for fast Fourier transforming the digital or- 
thogonal frequency division multiplex modulated signal, 
where in a demodulated digital information signal may 
be obtained from the fast Fou rier transform means, such 
one in which, without any influences of the fading or the 
decrease of S/N ratio of the received digital orthogonal 
frequency division multiplex modulated signal, the 
frame synchronizing signal synchronized with high ac- 
curacy with each frame of the orthogonal frequency di- 
vision multiplex modulated signal can be acquired from 
the frame synchronizing signal generator 
[0020] Moreover the present invention aims to pro- 
vide, in a demodulating apparatus comprising a time 
synchronizing signal generator means for receiving the 
digital orthogonal frequency division multiplex modulat- 
ed signal in which an information signal modulates a plu- 
rality of carriers whose frequency components are in the 
orthogonal relationship with each other and each frame 
of which is comprised of the null symbol, the synchroni- 
zation symbol and the plurality of subsequent symbols 
and for generating a time synchronizing signal synchro- 
nized with the symbol forming each frame of the digital 
orthogonal frequency division multiplex modulated sig- 
nal, a frame synchronizing signal generator means for 
generating the frame synchronizing signal synchronized 
with each frame of the digital orthogonal frequency di- 
vision multiplex modulated signal, and the fast Fourier 
transform means for receiving the digital orthogonal fre- 
quency division multiplex modulated signal, the frame 
.synchronizing signal and the time synchronizing signal 
and for fast Fourier transforming the digital orthogonal 
frequency division multiplex modulated signal to obtain 
a demodulated digital infornnation signal, and in which 
a window signal used in the fast Fourier transform 
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means for the synchronization synnbol and the plurality 
of subsequent symbols may be produced on the basis 
of the frame synchronizing signal, such of that, without 
any influences of the fading or the decrease of S/N ratio 
of the received digital orthogonal frequency division £ 
multiplex modulated signal, the window signal in fast 
Fourier transfomn means synchronized at high accuracy 
with the synchronization symbol and the plurality of sub- 
sequent symbols of each frame can be produced. 
[0021] Furthermore, the present Invention aims to io 
provide, in a demodulating method wherein the basis of 
time synchronizing signal synchronized with the symbol 
forming each frame of the digital orthogonal frequency 
division multiplex modulated signal, the frame synchro- 
nizing digital orthogonal frequency division multiplex '5 
modulated signal, is generated, and the digital orthogo- 
nal frequency division multiplex modulated is fast-Fou- 
rier-translormed by using the frame synchronizing sig- 
nal and the time synchronizing signal to obtain a demod- 
ulated digital infonnation signal, such one that without 2o 
any influences of the fading or the decrease ot S/N ratio 
at the received digital orthogonal frequency division 
multiplex modulated signal, the. frame synchronizing 
signal synchronized at high accuracy with each frame 
of the orthogonal frequency division multiplex modulat- ^5 
ed signal can be acquired from the frame synchronizing 
generator. 

[0022] In addition, the present invention aims to pro- 
vide, in a demodulating method wherein the time syn- 
chronizing signal synchronized with the symbol forming 30 
each frame of the digital orthogonal frequency division 
multiplex modulated signal comprising the steps of gen- 
erating based on the digital orthogonal frequency divi- 
sion multiplex modulated signal in which an information 
signal modulates a p lurality of carriers whose frequency 3S 
components are in the orthogonal relationship with each 
other and each frame of which is comprised of the null 
symbol, the synchronization symbol and the plurality of 
subsequent symbols is generated, the digital frequency 
division multiplex modulated signal is fast-Fourier-trans- 40 
formed by using the frame synchronizing signal and the 
time synchronizing signal, and the window signal used 
in the fast Fourier transform for the synchronization 
symbol and the plurality of subsequent symbols is gen- 
erated on the basis of frame synchronization signal, 
such one that wherein, without any influences at the fad- 
ing or the fading of S/N ratio of the received digital or- 
thogonal frequency division multiplex modulated signal, 
the window signal in the fast Fourier transform synchro- 
nization symbol and the plurality of subsequent symbols 
of each frame can be produced. 

[0023] The present invention provides a demodulat- 
ing apparatus having a time synchronizing signal gen- 
erator means for receiving the digital orthogonal fre- 
quency division multiplex modulated signal in which an 
information signal modulates a plurality of carriers 
whose frequency components are in the orthogonal re- 
lationship with each other and for generating a time syn- 
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chronizing signal synchronized with the symbols form- 
ing each frame of the digital orthogonal frequency divi- 
sion multiplex modulated signal, a frame synchronizing 
signal generator means for generating the frame syn- 
chronizing signal synchronized with each frame of the 
digital orthogonal frequency division multiplex modulat- 
ed signal, and a fast Fourier transform means for receiv- 
ing the digital orthogonal frequency division multiplex 
modulated signal, the frame synchronizing signal and 
the time synchronizing signal, and for fast Fourier trans- 
forming the digital orthogonal frequency division multi- 
plex modulated signal to obtain a demodulated digital 
information signal from the fast Fourier transform 
means, wherein, there are provided, correlation detec- 
tor means for detecting a correlation between a guard 
section of a symbol of the digital orthogonal frequency 
division multiplex modulated signal and a section having 
a correlation with the guard section in an effective sym- 
bol of that symbol, a section integrator means for section 
integrating a detected output by the correlation detector 
means with respect to the guard section, a peak detector 
means for detecting a peak of a triangular wave signal 
from the section integrator means, and a frame timing 
signal producing means for producing the frame timing 
signal of a predetermined frame of each of a frames 
based on the peak detecting signal from the peak de- 
tector means, in which the frame synchronizing signal 
generator means is made synchronized by the frame 
timing signal from the frame timing signal producing 
means. 

[0024] According to a first aspect of the present inven- 
tion, the correlation between the guard section of the 
digital orthogonal frequency division multiplex modulat- 
ed signal and a section having a correlation with the 
guard section in the effective symbol of that symbol is 
detected by the correlation detector means. The detect- 
ed output by the correlation detector means is section 
integrated with respect to the guard section. A peak of 
the triangular wave signal from the section integrator 
means is detected by the peak detector means. The 
frame liming signal of a predetermined frame of each of 
the frames is produced by the frame timing signal pro- 
ducing means based on the peak detecting signal from 
the peak detector means. Thus, the frame synchroniz- 
ing signal generator means is nnade synchronized by the 
frame timing signal from the frame timing. 
[0025] The present invention will be more clearly un- 
derstood from the following description, given by way of 
example only, with reference to the accompanying 
drawings in which: 

FIG. 1 is a diagram showing a frame arrangement 
of a mode 1 ; 

FIG. 2 is a block diagram showing an example of 
the prior art; 

FIGS. 3A to 3D are timing charts used to explain 

the prior art shown in FIG. 2; 

FIG. 4 is a block diagram showing an embodiment 
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of the present invention: and 

FIGS. 5A to 5K are timing charts used to explain an 

operation of the embodiment shown in FIG. 4. 

DESCRIPTION OF THE PREFERRED S 
EMBODIMENTS 

[0026] An embodiment of the present invention will 
now be described below in detail with reference to FIG. 
4. In FIG. 4, the parts corresponding to those of FIG. 2 to 
are denoted by the same reference numerals. The re- 
ceived signal from the receiving antenna 1 is supplied 
to the RF (radio frequency) amplifier/frequency convert- 
er/I F (intermediate frequency) amplifier 2, where it is RF 
amplified, frequency converted and IF amplified, re- ts 
spectively. This will make the OFDM modulated signal 
of the baseband to be acquired and the OFDM modu- 
lated signal is supplied to the A/D converter 3 which con- 
verts it into the time series of digital data. 
[0027] The time series of digital data from the A/D 20 
converter 3 is supplied to the fast Fourier transform cir- 
cuit 4. where it Is transformed into the frequency se- 
quence of digital data. The frequency sequence of dig- 
ital data from the fast Fourier transform circuit 4 is sup- 
plied to the data decoder 5 for decoding and the decod- 2S 
ed data is output on the output terminal 6. The data de- 
coder 5 is made up of the frequency deinterleave circuit, 
the time deinterleave circuit and the error correction cir- 
cuit which are sequentially cascaded. 
[0028] The time sequence of digital data from the A/ 30 
D converter 3 is supplied to the time synchronizing sig- 
nal generator 7 and the time synchronizing signal ob- 
tained therefrom at the symbol of each frame is supplied 
to the fast Fourier transform circuit 4 and to the data 
decoder 5 for controlling the fast Fourier transform ttm- 35 
ing as well as controlling each circuit in the data decoder 
5 tor synchronization. 

[0029] The intermediate frequency signal from the RF 
amplifier/frequency converter /IF amplifier 2 Is supplied 
to the null detector (envelope detector circuit) 8 for ob- 40 
taining the null detecting signal (see FIG. 5F). The null 
detecting signal is supplied to a window signal generator 
15 for generating a window signal (see FIG. 5H) which 
has one period (high level time period) including zero 
(low level) time period of the null detecting signal in Fl G. 
5F and spreading the zero time period before and after 
the same. 

[0030] As is shown in FIG. 5 A. each symbol in a frame 
of the digital data from the D/A converter 2 is comprised 
of the guard interval (guard section) in its head portion so 
and the subsequent effective symbol. Furthermore, in 
the last portion of the effective symbol is provided a cor- 
relation period of time having a correlation with the 
guard interval in the same length of time as that of the 
guard inten^al. 5S 
[0031] The digital data from the A/D converter 3 (FIG. 
5A) is supplied directly to a correlation detector 11 and 
also to a delay device 10 having a time delay corre- 
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spending to a time period of the effective symbol. The 
delayed digital data (FIG. 5B) is supplied to the correla- 
tion detector 11 which detects a correlation between the 
two digital data. Furthen the correlation detection is car- 
ried out by multiplying the original signal and the delayed 
signal together. By doing so, a correlation signal (FIG. 
5C) which goes to a high level during a period corre- 
sponding to the correlation period of the original signal 
and the guard interval of the delayed signal is output 
from the correlation detector 11. 
[0032] The correlation signal from the correlation de- 
tector 11 is supplied to a section integrator 12 where it 
is integrated with respect to the guard interval. The sec- 
tion integrated signal of the correlation signal is, as 
shown in FIG. 5D, a triangular wave signal of line sym- 
metry, which has a rising inclination during the correla- 
tion signal period and a falling inclination after comple- 
tion of the correlation signal. 

[0033] The section integrated signal is supplied to a 
peak detector 13 tor peak detection, where a peak de- 
tecting signal (FIG. 5E) indicative of a starting or finish- 
ing time of the symbol is output. The peak detecting sig- 
nal is supplied to a null symbol start timing pulse gener- 
ator 14 where a null symbol start timing pulse (FIG. 5G) 
of the first or second frame of the DAB signal is pro- 
duced. The null symbol start timing pulse is a timing sig- 
nal whbh is calculated from the time in the peak detect- 
ing signal and output by the timing pulse generator 14, 
and whose timing coincides with a starting timing of the 
null detecting signal. However, when the phase of the 
null detecting signal goes out of coincidence with the 
null symbol period due to the fading or the decrease of 
S/N ratio of the received signal or the like, the null sym- 
bol start timing pulse will not coincide with the starting 
timing of the null detecting signal. 
[0034] And then, the window signal (FIG. 5H) from the 
window signal generator 15 and the null symbol start 
timing pulse (FIG. 5G)are both supplied to an AND gate 
16 Vi/hich outputs an AND gate output pulse (FIG. 51). 
The AND gate output pulse is supplied to the frame syn- 
chronizing signal generator 9 which is thereby made 
synchronized (FIG. 5J). Thereafter, the frame synchro- 
nizing signal (FIG. 5J) synchronized with the null symbol 
start timing pulse will be generated. The frame synchro- 
nizing signal is supplied to the fast Fourier transform cir- 
cuit 4 in which a frame window signal (FIG. 5K) corre- 
sponding to a time period excepting the null symbol pe- 
riod from the frame period is produced. 
[0035] According to the first aspect of the present in- 
vention, in the demodulating apparatus comprising the 
time synchronizing signal generator means for receiving 
the digital orthogonal frequency division multiplex mod- 
ulated signal in which an information signal modulates 
a plurality of carriers whose frequency components are 
in the orthogonal relationship with each other and for 
generating the time synchronizing signal synchronized 
with the symbol forming each frame of the digital orthog- 
onal frequency division multiplex modulated signal, the 
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frame synchronizing signal generator means for gener- 
ating the frame synchronizing signal synchronized with 
each frame of the digital orthogonal frequency division 
multiplex modulated signals and the fast Fourier trans- 
form means for receiving the digital orthogonal frequen- s 
cy division multiplex modulated signal, the frame syn- 
chronizing signal and the time synchronizing signal and 
for fast Fourier transforming the digital orthogonal fre- 
quency division multiplex modulated signal to obtain a 
demodulated digital information signal from the fast io 
Fourier transform means, because there are provided 
the correlation detector means for detecting the corre- 
lation between the guard section of the symbol of the 
digital orthogonal frequency division multiplex modulat- 
ed signal and a section having a correlation with the ^5 
guard section in the effective symbol of that symbol, the 
section integrator means for section integrating the de- 
tected output of the correlation detector means with re- 
spect to the guard section, the peak detector means for 
detecting a peak of the triangular wave signal from the 
section integrator means and the frame timing signal 
producing means for producing the frame timing signal 
of the predetermined frame of each of the frames based 
on the peak detecting signal from the peak detector 
means, and the frame synchronizing signal generator 25 
means may be made synchronized by the frame timing 
signal from the frame timing signal producing means, it 
is possible to provide a demodulating apparatus in 
which the frame synchronizing signal synchronized at 
high accuracy with each frame of the orthogonal fre- 30 
quency division multiplex modulated signal can be ob- 
tained from the frame synchronizing generator, without 
any influences of the fading or the decrease of S/N ratio 
of the received digital orthogonal frequency division 
multiplex modulated signal. 3S 
[0036] According to the second aspect of the present 
invention, in the demodulating apparatus comprising the 
time synchronizing signal generator means for the dig- 
ital orthogonal frequency division multiplex modulated 
signal in which ah information signal modulates a plu- 40 
rality of carriers whose frequency components are in the 
orthogonal relatbnship with each other and each frame 
of which is comprised of the null symbol, the synchroni- 
zation symbol and the plurality of subsequent symbols, 
and for generating the time synchronizing signal syn- 4S 
chronized with the symbol forming each frame of the dig- 
ital orthogonal frequency division multiplex modulated 
signal, the frame synchronizing signal generator means 
for generating the frame synchronizing signal synchro- 
nized with each frame of the digital orthogonal frequen- so 
cy division multiplex modulated signal, and the fast Fou- 
rier transform means for receiving the digital orthogonal 
frequency division multiplex modulated signal, the 
frame synchronizing signal and the lime synchronizing 
signal and for last Fourier transforming the digital or- ss 
thogonal frequency division multiplex modulated signal 
to obtain the demodulated digital information signal in 
which the window signal used in the fast Fourier trans- 
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form means for the synchronization symbol and the plu- 
rality of subsequent symbols may be produced based 
on the frame synchronizing signal, because there are 
provided the correlation detector means for detecting 
the correlation between the guard section of the symbol 
of the digital orthogonal frequency division multiplex 
modulated signal and the section having a correlation 
with the guard section in the effective symbol of that 
symbol, the section integrator means for section inte- 
grating the detected output of the correlation detector 
means with respect to guard section, the peak detector 
means for detecting the peak of the triangular wave sig- 
nal from the section integrator means, and the frame 
timing signal producing means for producing the frame 
timing signal of the predetermined frame of each of the 
frames based on the peak detecting signal from the 
peak detector means are provided, and the frame syn- 
chronizing signal generator means may be synchro- 
nized by the frame timing signal from the timing signal 
producing means, it is possible to provide a demodulat- 
ing apparatus in which the window signal used in the 
fast Fourier transform means synchronized at high ac- 
curacy with the synchronization symbol and the plurality 
of subsequent symbols of each frame can be produced, 
without any influence of the fading or the decrease of S/ 
N ratio of the received digital orthogonal frequency divi- 
sion multiplex modulated signal. 
[0037] According to the third aspect of the present in- 
vention, in the demodulating method in which, based on 
the digital orthogonal frequency division multiplex mod- 
ulated signal wherein the Information signal modulates 
the plurality of carriers whose frequency components 
are in the orthogonal relationship with each other, the 
time synchronizing signal synchronized with the sym- 
bols forming each frame of the digital orthogonal fre- 
quency division multiplex modulated signal is generat- 
ed, generating the frame synchronizing signal synchro- 
nized with each frame of the digital orthogonal frequen- 
cy division multiplex modulated signal is generated, and 
the digital orthogonal frequency division multiplex mod- 
ulated signal is fast Fourier transformed by using the 
frame synchronizing signal and the time synchronizing 
signal to obtain the demodulated digital information sig- 
nal, because the correlation between the guard section 
of the symbol of the digital orthogonal frequency division 
multiplex modulated signal and the section having a cor- 
relation with the guard section in the effective symbol of 
that symbol is detected, the detected output on the cor- 
relation is section integrated with respect to the guard 
section, a peak of the triangular wave signal which is the 
section integrated output is detected, the frame timing 
signal of the predetermined frame of each of the frames 
is produced based on the peak detecting signal, and the 
frame synchronizing signal is made synchronized by the 
produced frame timing signal, it is possible to provide a 
demodulating method in which the frame synchronizing 
signal synchronized at high accuracy with each frame 
of the orthogonal frequency division multiplex modulat- 
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ed signal can be acquired from the frame synchronizing 
signal generator, without any influences of the fading or 
the decrease of S/N ratio of the received digital frequen- 
cy division multiplex modulated signal. 
[0038] According to the fourth aspect of the present 5 
invention, in the demodulating method in which based 
on the digital frequency orthogonal frequency division 
multiplex modulated signal in which an information sig- 
nal modulates the plurality of carriers whose frequency 
components are in the orthogonal relationship with each lo 
other and each frame of which is comprised of the null 
symbol, the synchronization symbol and the plurality of 
subsequent symbols, the time synchronizing signal syn- 
chronized with the symbols forming each frame of the 
digital orthogonal frequency division multiplex modulat- ^5 
ed signal is generated, generating the frame synchro- 
nizing signal synchronized with each frame of the digital 
orthogonal frequency division multiplex modulated sig- 
nal is generated; the digital orthogonal frequency divi- 
sion multiplex modulated signal is fast Fourier trans- 20 
formed by using the frame synchronizing signal and the 
time synchronizing signal, and the window signal used 
in the fast Fourier transform for the synchronization 
symbol and the plurality of subsequent symbols Is gen- 
erated on the basis of the frame synchronizing signal, 2S 
because the correlation between the guard section of 
the symbol of the digital orthogonal frequency division 
multiplex modulated signal and the section having a cor- 
relation with the guard section in the effective symbol of 
that symbol is detected, the detected output on the cor- 30 
relation Is section integrated with respect to the guard 
section, a peak of the triangular wave signal which is the 
section integrated output is detected, the frame timing 
signal of the predetermined frame of each of the frames 
is produced based on the peak detecting signal, and the 35 
frame synchronizing signal is made synchronized by the 
frame timing signal, it is possible to provide a demodu- 
lating method in which the window signal used in the 
fast Fourier transform means, synchronized at high ac- 
curacy with the synchronization symbol of each frame 40 
and the plurality of subsequent symbols can be gener- 
ated, without any influences of the fading or the de- 
crease of S/N ratio of the received digital orthogonal fre- 
quency division multiplex modulated signal. 
[0039] Having described a preferred embodiment of 4S 
the present invention with reference to the accompany- 
ing drawings, it is to be understood that the present in- 
vention is not limited to the above-menlbned embodi- 
ment and that various changes and modifications can 
be effected therein by one skilled in the art without de- so 
parting from the spirit or scope of the present invention 
as defined in the appended claims. 



Claims 

1. A dennodulating apparatus having a time synchro- 
nizing signal generator means for receiving a digital 
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orthogonal frequency division multiplex modulated 
signal in which an information signal modulates a 
plurality of carriers whose frequency components 
are in an orthogonal relationship with each other 
and generating a time synchronizing signal syn- 
chronized with a symbol forming each frame of said 
digital orthogonal frequency division multiplex mod- 
ulated signal, a frame synchronizing signal gener- 
ator means for generating a frame synchronizing 
signal synchronized with each frame of said digital 
orthogonal frequency division multiplex modulated 
signal, and a fast Fourier transform means for re- 
ceiving said digital orthogonal frequency division 
multiplex modulated signal, said frame synchroniz- 
ing signal and said time synchronizing signal and 
for fast Fourier transforming the digital orthogonal 
frequency division multiplex modulated signal, so 
that a demodulated digital information signal may 
be obtained from said fast Fourier transform means, 
comprising: 

a correlation detector means for detecting a 
correlation between a guard section of said 
symbol of said digital orthogonal frequency di- 
vision multiplex modulated signal and a section 
having a correlation with said guard section in 
an effective symbol of said symbol; 
a section integrator means for section integrat- 
ing a detected output of said correlation detec- 
tor means with respect to said guard section; 
a peak detector means for detecting a peak of 
a triangular wave signal from said section inte- 
grator means; and 

a frame timing signal producing means for pro- 
ducing a frame timing signal of a predetermined 
frame of each of said frames based on a peak 
detecting signal from said peak detector 
means, 

wherein said frame synchronizing signal gen- 
erator means may be made synchronized by a 
frame timing signal from said frame timing sig- 
nal producing means. 

2. A demodulating apparatus having a time synchro- 
nizing signal generator means for receiving a digital 
orthogonal frequency division multiplex modulated 
signal in which an information signal modulates a 
plurality of carriers whose frequency components 
are in an orthogonal relationship with each other 
and each frame of which is comprised of a null sym- 
bol, a synchronization symbol and a plurality of sub- 
sequent symbols and generating a time synchroniz- 
ing signal synchronized with a symbol forming each 
of said frames of said digital orthogonal frequency 
division multiplex modulated signal, a frame syn- 
chronizing signal generator means for generating a 
frame synchronizing signal synchronized with each 
frame of said digital orthogonal frequency division 
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multiplex modulated signal, and a fast Fourier trans- 
form means for receiving said digital orthogonal fre- 
quency division multiplex modulated signal, said 
frame synchronizing signal and said time synchro- 
nizing signal and for fast Fourier transforming said s 
digital orthogonal frequency division multiplex mod- 
ulated signal to thereby produce a demodulated 
digital information signal, in which a window signal 
used in said fast Fourier transform means for said 
synchronization symbol and said plurality of subse- io 
quent symbols may be produced based on the 
frame synchronizing signal, comprising: 

a correlation detector means for detecting a 
correlation between a guard section of said is 
symbol of said digital orthogonal frequency di- 
vision multiplex modulated signal and a section 
having a correlation with the guard section in 
an effective symbol of that symbol; 
a section integrator means for section integral- 20 
ing a detected output of said correlation detec- 
tor means with respect to said guard section; 
a peak detector means for detecting a peak of 
a triangular wave signal from the section inte- 
grator means; and 2S 
a frame timing signal producing means for pro- 
ducing a frame timing signal of a predetermined 
frame of each of said frames based on a peak 
value detected signal from said peak detector 
means; 30 
wherein said frame synchronizing signal gen- 
erator means may be made synchronized by 
said frame timing signal from said frame timing 
signal producing means. 

35 

A demodulating method in which based on a digital 
orthogonal frequency division multiplex modulated 
signal in which an information signal modulates a 
plurality of carriers whose frequency components 
are in an orthogonal relationship with each other, a 40 
time synchronizing signal synchronized with a sym- 
bol forming each frame of said digital orthogonal fre- 
quency division multiplex modulated signal is gen- 
erated, a frame synchronizing signal synchronized 
with each frame of said digital orthogonal frequency 45 
division multiplex modulated signal is generated, 
and said digital orthogonal frequency division mul- 
tiplex modulated signal is fast Fourier transformed 
by using said frame synchronizing signal and said 
time synchronizing signal into a demodulated digital 50 
information signal, comprising the steps of: 

detecting a correlation between a guard section 
of said symbol of said digital orthogonal fre- 
quency division multiplex modulated signal and ss 
a section having a correlation with said guard 
section in an effective symbol of that symbol; 
section -integrating the correlation detecting 



output with respect to the guard section; 
detecting a peak of a triangular wave signal 
which is the section Integrating output; 
generating a frame timing signal of a predeter- 
mined frame of each of said frames based on 
the peak detecting signal; and 
thus making said frame synchronizing signal 
synchronized by the produced frame timing sig- 
nal. 

4. A demodulating method in which a time synchroniz- 
ing signal synchronized with a symbol forming each 
frame of said digital orthogonal frequency division 
multiplex modulated signal is generated, based on 
a digital frequency orthogonal division multiplex 
modulated signal in which an information signal 
modulates a plurality of carriers whose frequency 
components are in an orthogonal relationship with 
each other and each frame of which is comprised 
of a null symbol, a synchronization symbol and a 
plurality of subsequent symbols, a frame synchro- 
nizing signal synchronized with each frame of said 
digital orthogonal frequency division multiplex mod- 
ulated signal is generated, and said the digital or- 
thogonal frequency division multiplex modulated 
signal is fast Fourier transformed by using said 
frame synchronizing signal and said time synchro- 
nizing signal, whereby a window signal used in said 
fast Fourier transform for said synchronization sym- 
bol and said plurality of subsequent symbols may 
be produced based on said frame synchronizing 
signal, comprising the steps of: 

detecting a correlation between a guard section 
of said symbol of said digital orthogonal fre- 
quency division multiplex modulated signal and 
a section having a correlation with said guard 
section in an effective symbol of said symbol; 
section integrating the correlation detecting 
output with respect to the guard section; 
detecting a peak of a triangular wave signal 
which is the section integrating output; 
generating a frame timing signal of a predeter- 
mined frame of each of said respective frames 
based on said peak detecting signal; and 
making said frame synchronizing signal syn- 
chronized by said frame timing signal. 
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